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The pre-teen and teenage years are marked by dynamic changes in the development of the human body as a whole and, more specifically for the purposes of this discussion, in terms of the changes in the oral environment such as the transition from primary to permanent dentition, formation and stabilization of the periodontium, changes in the oral microbiota, and so forth. All these changes take place under the influence of growth factors and hormones, particularly during puberty. 1, 2 Socransky et al. (1998) conducted a study on the pathogenic potential of subgingival biofilm. Using Real-time PCR and DNA-DNA hybridization they identified most of the microorganisms found in the dental biofilm and grouped them in 5 complexes: purple, yellow, orange, green and red, based on their simultaneous presence in the dental biofilm and their pathogenic potential. 3, 4 Very little is known about the microorganisms (MO) present in the subgingival area of children during the eruption of permanent teeth. Existing data suggest that the composition of subgingival biofilm undergoes changes during the child's growth and development as a reaction to changes in the organism's hormonal status, the eruption of permanent teeth or gingival inflammations. During the formation of the microbial environment, gingival inflammation can be traced to the presence of a pathogenic subgingival biofilm and to the composition of the subgingival microbiota. [4] [5] [6] Periodontal pathogenic MOs have been found to produce specific pathogenic factors such as proteinases, endopeptidases, hemagglutinins (Porphyromonas gingivalis), sialidase and trypsin-like enzymes (Tannerella forsythia), chymotrypsin (Treponema denticola) leucotoxin A, cytolethal toxin (Aggregatibacter actinomycetemcomitans). All of the abovementioned factors participate in the initiation and progression of periodontal diseases (1) through stimulating an immunopathological response, and (2) through direct destructive action on the connective tissue and the alveolar bone. 1, 7 Persistent high levels of periodontal pathogens in the periodontal environment are considered a risk factor for the development of a periodontal disease. Particularly important in this respect are the levels of the subgingival periodontal pathogens in the presence of gingival and periodontal pockets. 7, 8 During the eruption of the permanent teeth, subgingival spots form during a certain period of time that are quickly colonized by microorganisms. The composition of the subgingival microbiota of erupting teeth would put these spots at risk for developing plaque-associated gingival inflammation and, in some cases, could result in a loss of epithelial attachment. [9] [10] [11] [12] Investigating the composition of subgingival microbiota during the formation of permanent dentition in healthy children will enable a risk assessment using the findings of the study and plan the prophylactic treatment of periodontal diseases in children.
AIM
The aim of this study was to investigate the oral hygiene status and the presence of periodontal pathogens in the subgingival microbiota during formation of permanent dentition in puberty.
MATERIALS AND METHODS
The study included 30 children (15 boys, 15 girls) aged 10 to 14 years, divided into age-matched groups of 6 children each (3 boys and 3 girls). The children had a good oral hygiene, no periodontal disease (PBI less than 25%), no systemic diseases and had not received antibiotic agents for at least three months prior to the study. The clinical status of all children was assessed and recorded in a specially designed medical form based on the medical form for periodontal study of children adopted by the Department of Paediatric Dental Medicine in the Faculty of Dental Medicine, Sofia. The oral hygiene and gingival status were assessed using the following indexes: oral hygiene index simplified (Green and Vermillion) (OHI-GV), hygiene index (HI), papilla bleeding index (PBI) (Saxer & Müh-lemann) (severity and spread). In case of greater plaque accumulation, this could be related to the individual's oral hygiene habits and techniques.
All procedures were in accordance with the ethical standards required by the Committee on Human Experimentation in the Medical University of Sofia.
A PCR-Real Time method was employed to identify and determine the amount of primary subgingival periodontal pathogens with samples being taken with paper sticks out of the gingival sulcus from up to six teeth (16, 13, 11, 26, 36, 43) .
We studied nine control species (a comprehensive sample).
The samples were shipped in standardized containers to be tested in Germany through MiP Pharma. All procedures were performed according to the manufacturer's protocol. The actual DNA isolation takes place in the MagNA Pure 96 from Roche Diagnostics. The PCR set-up is done with Hamilton's Microlab STARlet IVD. The final analysis of the samples was done in the LightCycler 480 Roche.
StatiStical analySiS
Statistics was performed using the SPSS program for Windows v. 19 (SPSS Inc. Illinois). One-sample t-test, the Student's T-test, descriptive statisticsFrequencies, Crosstabs. Data were expressed as mean ± SD (continuous variables) or as the number and percent of patients (categorical variables). A p < 0.05 was considered statistically significant.
RESULTS

Oral hygiene StatuS Of the SubjectS
Plaque accumulation in the subjects' teeth was assessed using the OHI-GV and HI. The results are shown in Fig. 1 .
The results show that the plaque on the dental surface of the subjects is low (OHI-GV <1) with no plausible variation found across the age groups (t=0.206, p>0.05). However a clear trend in the increase of plaque spread with the advancement in age is observed. The presence of plaque in the oral cavities of the subjects was assessed using the HI (Fig. 2) .
The HI levels of the subjects show that there is plaque over a small portion of the studied dental surfaces, with levels reaching 42% of the studied surfaces only in the 14-year-olds. The plaque free surfaces are between 73% -81%, with the levels falling to 58% only in the oldest children. The data support the trend for 14-year-old children to have a larger amount of dental plaque.
featureS Of the Studied micrOOrganiSmS in the
Subgingival biOfilm in children aged 10 -14 yearS.
-Average quantities The total quantity of the studied subgingival MO is between 2.2.10 7 -4.9.10 7 in all subjects and no plausible variation across the age groups was observed (t=0.106, p>0.05) (Fig. 3) .
-Frequency of occurrence of the studied types of microorganisms Fig 4. shows that C. gingivalis (green complex) has been isolated in all subjects, followed by F. nucleatum (orange complex). P. micros and P. intermedia, which are also part of the orange complex and are present in 1/5 of the subjects. In the 14-year-olds there are isolated cases in which the red complex representatives T. denticola and T. forsythia have been isolated.
-Microbial associations in the types of studied microorganisms
In 23% of the subjects only a single MO representative was isolated, whereas in all other subjects the range of microbial associations with the studied MO is 2 to 4, with microbial associations with 2 MO being the dominant value in half of the subjects (Fig. 5) . Table 2 shows that C. gingivalis (green complex) has been isolated in all subjects, followed by F. nucleatum which functions as a "coaggregation bridge" and is known to be an indicator of a mature and pathogenic biofilm. With older children (the 14-year-olds group), microbial complexes become more complex in composition with other MO from the orange complex (P. micros, P. intermedia) now present and isolated MO representatives from the red complex (T. forsythia and T. denticola) now present. A. actinomycetemcomitans or P. gingivalis was not isolated in any of the subjects.
DISCUSSION
Periodontal diseases in children and young adults are primarily inflammatory and very rarely inflammatory and destructive. In such diseases, the dental biofilm is a leading etiological and risk factor. 12 The results of the study show that most of the periodontal pathogens from the orange and red complex are found in the subgingival area in healthy children aged 14 and can be a risk factor for periodontal diseases.
Regardless of the fact that in all subjects the subgingival plaque is in minimal quantities and affects a small portion of the dental surfaces tested, the subgingival microbiota is characterized by microbial associations with several species of MO, most of them from the orange complex, but also isolated MO representatives from the red complex.
According to contemporary ideas regarding etiology and pathogenesis, periodontal diseases are grouped in the category of opportunistic infections due to the fact that the bacteria causing them become pathogenic only in certain "consortiums" and under certain conditions in the periodontium and the organism. 1, 12 The results of the study show that C. gingivalis (green complex) was isolated from the subgingival area from all subjects and F. nucleatum (orange complex) from 4/5 of the subjects.
F. nucleatum is one of the most studied MO that is part of the etiology of periodontal diseases. It belongs to the Bacteroidaceae species and it is a gram-negative anaerobic microbe, often comprising a major portion of the subgingival biofilm, during diseases F. nucleatum is one of the subsequent colonizers that accumulate in the biofilm. It is the primary species of bacteria that facilitate the physical interaction between gram-positive and gram-negative species. F. nucleatum is key to the subsequent bacterial colonization because it provides adhesion to other periodontal pathogens through coaggregation. This categorizes it as an intermediary colonizer and a bridge between the beneficial microflora and the periodontal pathogenic species. 7, 9, 10 The following MO are cited as predominant in the oral cavity of children before puberty in scientific literature: Lactobacillus, Streptococcus, Capnocytophaga, Eikenella, Prevotela, Actionomyces spp and Peptostreptococcus. 7, 10, 11 During puberty and more specifically during the transition from a temporary to a mixed dentition there are no significant variations in the subgingival flora. After the onset of puberty the microbiota undergoes major changes: an increase in cocci (Streptococcus and Veillonella), the rodshaped (Actinomyces, Prevotella, Fusobacterium), spirochetes (Capnocytophaga, Eikenella and others). It is assumed that these changes are caused by the change in the relative quantity of several species and that the appearance of new species plays a far less significant role. 7, [9] [10] [11] Aggregatibacter actinomycetemcomitans (microaerophilic MO) is considered a main microbial factor in aggressive periodontitis in children, in combination with various defects in the immune response owed to various genetic polymorphisms or defects in the phagocytosis. No Aggregatibacter actinomycetemcomitans was identified in the subjects of this study. 12, 13 The red complex is comprised of gram-negative (G-) anaerobic microorganisms (Porphyromonas gingivalis, Bacteroides forsythus, Treponema denticola), which are the last to colonize during the formation of the subgingival biofilm and have a significant pathogenic potential regarding gingival inflammation and periodontal destruction. 14, 15 This study found that MO from the red complex (T. forsythia and T. denticola) appear alone or in microbial associations in the 14 year old subjects. The presence of T. forsythia and T. denticola even in minimal quantities and in several subjects is a risk factor for the initiation of periodontal diseases in children during puberty.
The identification of periodontal pathogens in healthy children during the eruption of permanent teeth presupposes a connection with the formation of subgingival spots for these bacteria to colonize. On the other hand, knowing the potential for transmission of the identified periodontal pathogens, it can be assumed that precisely such a mechanism is the cause for finding these microorganisms in the subgingival area in healthy children during puberty. Additional research is necessary for isolating the mechanisms of subgingival colonization by the periodontal pathogens in children during the eruption of permanent teeth. It is safe to assume that individuals who have periodontal pathogens in the subgingival area are at risk of developing periodontal diseases. Such children must be the subject of a case-by-case prevention by controlling the pathogenic bacteria in the bacterial families.
CONCLUSIONS
1. In childhood (between the ages of 10 and 14), during the eruption of permanent teeth, with minimal quantities of supragingival dental biofilm and healthy gingivae, the subgingival microbiota is characterized by the presence of microbial associations of periodontal pathogens, predominantly comprised by MO from the orange complex. 2. Isolated representatives of the red complex MO (T. forsythia and T .denticola) are identified in 14 year old healthy children in microbial associations with more MO. 3. The presence of microorganisms from the red complex (T. forsythia and T. denticola) in the subgingival area in healthy children during puberty is a risk factor for the development of periodontal diseases.
